Five crossbred wethers (58 kg) fitted with cannulas in the rumen, duodenum, and ileum were used in a 5 x 5 Latin square design to study effects of feeding combinations of alkaline hydrogen peroxide-treated wheat straw (AHP-WS) and alfalfa hay at restricted intakes on site and extent of nutrient digestion. Additionally, flows and disappearance of N and amino acids (AA) in the small intestine were regressed on alfalfa nitrogen intake (ANI) to estimate alfalfa's contribution to postruminal N and AA supplies. Diets consisted of 8 0 20 forage:concentrate mixtures; diet designations were 80:0, 80% AHP-WS and no alfalfa; 60:20,60% AHP-WS and 20% alfalfq 40:40,40% AHP-WS and 40% alfalfa; 2060,20% AHP-WS and 60% alfalfa; and 0230, no AHP-WS and 80% alfalfa. A modest positive quadratic (P < .05) response was noted for total tract digestibility ("D) of OM, values were 76.5% for diets 800 and 080 vs 78% for diet 40:40. Ruminal digestibility (percentage of intake) of NDF and ADF increased in a quadratic manner from 43 and 30%, respectively, for diet 0:80 to 71 and 70%, respectively, for diet 800. Ruminal digestibility of fiber may have been e n h a n d due to linear (P < .05) decreases in liquid and particulate dilution rates, resulting in increased mminal residence time of fiber as alfalfa hay replaced AHP-WS. Liquid and particulate dilution rates decreased linearly from 6.4 and 5.2%/h, respectively, for diet 80:O to 5.4 and 3.4%/h, respectively, for diet 080. Regression analysis of N data indicated that alfalfa N had a ruminal escape value of 26%.
Introduction
Treatment of wheat straw (WS) with alkaline solutions of hydrogen peroxide has dramatically improved both intake and digesti-bility of this crop residue (Kerley et al., 1986) . However, due to the low concentration of N and several essential minerals in cereal straws (Preston and Leng, 1984) , these nutrients need to be added to diets that contain large amounts of WS. Adequate supplementation is particularly important when feedjng chemically treated WS in order to take advantage of the increased energy availability due to treatment (0rskov and Grubb, 1978) . One method of supplementing diets containing alkaline hydrogen peroxide-treated WS (AHP-WS) is through the incorporation of a forage, such as alfalfa. Alfalfa N is estimated to be 70% degraded in the rumen (NRC, 1985a); there fore, it would be an excellent source of Nminally degradable protein. Alfalfa also is a good source of Ca and P and generally is highly acceptable by ruminants. Additionally, several studies have indicated that feeding chemically treated crop residues in combination with alfalfa resulted in positive associative effects on both nutrient intake and digestibility (Maeng et al., 1971; Paterson et al.. 1982; Brandt and Klopfenstein, 1986) . The objectives of this experiment were to evaluate the effects of substituting increasing levels of alfalfa hay for AHP-WS in highforage diets fed to sheep on site and extent of nutrient digestion, ruminal characteristics, and postruminal supply and disappearance of N and amino acids (AA). Approximately 75 ml of duodenal and ileal digesta were collected at 1,3, and 5 h after the morning feeding on d 11, 13, and 15 and 7, 9, and 11 h after the morning feeding on d 12, 14, and 16 of each period. Duodenal and ileal samples were composited by animal and period, lyophilized, and ground (2-mm screen) before analyses.
Materials and Methods

Animals
On d 15 of each period, the morning feeding was sprayed with an aqueous solution containing 200 mg of ytterbium (Yb as YbCly6H20) and wethers were given an intranuninal dose of 100 mg of cobalt as COEDTA (Uden et al., 1980) . Sampling scheme and analyses for determination of particulate and fluid dilution rates are identical to those used by Merchen et al. (1986) , with the exception that a 20-h sample was not taken and Yb was extracted from ruminal particulate samples as described by H a r t and Polan squeezed through six layers of cheesecloth to obtain 50-ml sampIes of ruminal fluid for measurement of pH with a Beclonan4 Model a 3 1 pH meter. Subsequent to pH measurement, samples were acidified with 2 ml of 6 N HCl and frozen for analysis of VFA and ammonia N (NH3 N). The remaining sample was diluted with approximately 50 to 100 ml of .9% saline and homogenized for 1.5 min in a Waring blender to detach particle-associated bacteria. Homogenized samples were squeezed through six layers of cheesecloth; the filtrate, composited by wether and period, was frozen. Composited filtrates were thawed and a bacteria-rich fraction was isolated according to the method of Merchen and Satter (1983) . This fraction was lyophilized before analyses. Calculations. The proportion of total duodenal N provided by bacterial N was calculated by dividing the N:purine ratio of ruminal bacteria by the N:purine ratio of duodenal digesta. Because differences due to treatment were not detected for bacterial Npurine ratio and AA composition, values were averaged across all observations and used in all calculations. Bacterial N and AA flow to the ileum were calculated based on the indigestibilities of bacterial constituents reported by Storm et al. (1983) . Chromium content of duodenal and ileal digesta was determined by the method of Williams et al. (1962) . Dry matter flow (grams/day) at the duodenum and ileum was calculated by dividing Cr intake (milligrams) by the Cr concentration (miUigrams/gram) in duodenal and ileal digesta Nutrient flows were calculated by multiplying DM flow by the concentration of the nutrient in duodenal, ileal, or fecal DM.
Statistical Analyses. Data were analyzed using the GLM procedure of SAS (1 985). The model included animal, period, and diet effects. Sums of squares for diet were further partitioned into orthogonal contrasts for linear, quadratic, and cubic effects of dietary forage source. Plots of data collected at different times postfeeding (ruminal pH, VFA, and NH3 N) indicated that differences among diets were relatively constant at each sampling time; therefore, means across times were calculated and analyzed as above. Data presented on intestinal supply and disappearance of N and individual AA were analyzed using a model that included animal and period effects and alfalfa N intake (ANI) as a regression variable. The intercept of the regression equation was calculated by assuming that animal and period effects summed to zero. Linearity of response to ANI is an inherent assumption of this model. The intercept is assumed to be the expected value when sheep were fed diet 80:O and the slope represents the change in the dependent variable for each gram of ANI.
Results and Discussion
A linear (P e .05) increase in OM intake was observed as level of alfalfa increased ("able 2). This was due to a modest linear increase in DM intake with increasing proportion of alfalfa and the higher OM content of alfalfa relative to AHP-WS. Organic matter digestion (OMD) in the stomach (prior to the duodenum) (grams/day), whether apparent or true, was similar among diets, averaging 532 and 730 g/d, respectively. However, when OMD was expressed as a percentage of OMI, both apparent and true digestibility increased linearly (P < .05) with increasing level of AHP-WS in the diet. Higher extent of OM0 in the stomach of wethers fed diets high in AHP-WS can be explained by the fermentable nature of the fiber fraction of the treated WS. This conclusion is supported by the high-fiber digestibility data in Table 2 , as well as the work of Gould (1984) and Kerley et al. (1986) . Tables 5 and 6 provide estimates of daily flows of total and NBT A4, respectively, supplied to and disappearing from the small intestine of sheep fed diet 800. Slopes provide an estimate of additional flows CEsmtial AA = threonine, valine, methionine, isoleucine, leucine, phenylalanine, histidine, lysine, and arginine. %onessential AA = alanine, aspartic acid, glutamic acid, glycine, proline, serine, and tyrosine.
Intercepts in
of AA supplied to and disappearing from the small intestine with each additional gam of ANI. Slopes presented in Table 6 can be used to calculate amounts of each AA entering and disappearing from the small intestine from alfalfa Slopes are presented as grams of AA/ grams of ANI, so the amount of any AA entering and disappearing from the small intestine for each kilogram of alfalfa CP is equal to the slope multiplied by 1,OOO and divided by 6.25. For example, alfalfa would supply (052 g threonine/g ANI (Table 6 ) x 1, OOO &g x 1 g N/6.25 g CP) or 9.9 g threonine/kg alfalfa CP to the proximal duodenum. Similarly, the amount of threonine disappearing in the small intestine would be 7.0 gkg alfalfa CP. Slopes for total (.038 f .09) and NBT threonine (.062 f .008)
supplied to the small intestine differ due to the decreasing supply of bacterial threonine. This CESsenW AA = threonine, valine, methionine, isoleucine, leucine, phenylalanine, histidine, lysine, and arghhe. %onessential A4 = alanine, aspartic acid, glutamic acid, glycine, proline, serine, and tyrosine. dLinear effect of diet (P < .OS).
eCubic effect of diet (P c .W).
mirrors what was seen with the nitrogenous fractions (Table 4) . Negative intercepts found in Table 6 are indicative of the relatively minor contribution of NBT AA to duodenal flows for diet 80:O. This is not surprisiig because the two primary sources of N in this diet were urea and soybean meal (Table l) , both of which are extensively degradd in the rumen (NRC, 1985a). Total concentrations of ruminal VFA (Table  7) were not affected by diet, averaging 90 mM. Molar proportions of acetate and propionate increased from 68.1 and 15.6, respectively, for diet 0:80 to 71.7 and 17.4, respectively, for diet 8 0 0 (quadratic effect, P < .05). Molar proportions of the branchedchain VFA (isobutyrate and isovalerate) increased linearly (P < .05) with increasing levels of alfalfa.
Isobutyrate and isovalerate molar proportions increased from .76 and .81, respectively, for diet 80:0 to 1.91 and 2.18, respectively, for diet 0:80. Molar proportions of butyrate and valerate increased in a quadratic (P < .05) manner with increasing alfalfa in the diet.
Butyrate and valerate molar proportions increased from 8.8 and 36, respectively, for diet 8 0 0 to 10.8 and 1.39, respectively, for diet 0:
80. The quadratic increase (P c .05) in molar proportion of propionate observed in this study with increasing levels of AHP-WS, and in other studies when straws have been chemically treated (Ololade and Mowat, 1975) , may be due to the more fermentable nature of the treated material (Table 2) . Additionally, because the WS is not washed subsequent to treatment, hemicellulosic sugars solubilized by the AHP process presumably are readily available for ruminal fermentation. The fermentation of AHP WS in the rumen probably results in the generation of an excess of reducing equivalents. Under these conditions pyruvate would be converted to propionate, as observed for high-concentrate diets (Owens and Goetsch, 1988) . as a rapid means of disposing of reducing equivalents. Linear (P c .OS) increases in molar proportions of isobutyrate and isovalerate with increasing levels of alfalfa in the diet is indicative of the extensive nuninal fermentation of alfalfa protein (Owens and Goetsch, 1988) . The linear (P < Berger et al. (1980) indicated that higher NaOH treatment levels of crop residues increased rates of passage and decreased fiber digestibilities. In the present work, alfalfa may have decreased both LDR and PDR and reduced ruminal volume by diluting the Na content of the experimental diets. Water intake is often positively correlated to ruminal passage rates (Merchen, 1988) and has been shown to increase when animals are fed NaOH-treated forages (Maeng et al., 1971) . Alfalfa addition would reduce Na intake of sheep fed diets containing combinations of the two forages. This would result in decreased water intake and, therefore, LDR, PDR, and ruminal volume would decrease. Similar sug- 
lrnpilcations
The alkaline hydrogen peroxide treatment process increased the availability of the fiber fraction of crop residues. However, total tract digestibilities of cell contents decreased in response to the treatment process. Total tract organic matter digestibility of a diet containing 80% treated wheat straw was identical to that observed when sheep were fed 80% highquality alfalfa. Modest positive associative effects on digestibilities were noted when combinations of the forages were fed. Ruminal escape of alfalfa protein was approximately 25%. The supply of absorbable amino acids from alfalfa hay to the small intestine of sheep was quantified.
